Introduction
In Western communities, communication disorders have a prevalence of 5-10% [1] , with dysphonia being the focus of this study. One third of all people need their voice occupationally [2] , and dysphonia is even more prevalent in these persons than in the general population [1] [2] [3] [4] . The costs of voice disorders account for up to 3% of the US gross national product [1] . Besides the economic aspect, dysphonia may influence quality of life [5] not only in the psychological [6] , but also in the physical [7] domain.
Following the former International Classification of Impairments, Disabilities and Handicaps [8] by the WHO, the European Laryngological Society (ELS) offers a recommendation for the structural assessment of pathological voices, including not only organic and functional aspects, but also the individual perception of a disease [9] . Videolaryngostroboscopy is the recommended clinical tool for the examination of the larynx [9, 10] . As regards functional assessment, perception as well as acoustic analyses by computer systems are methods applied [11] [12] [13] [14] [15] , and a variety of questionnaires and visual analogue scales exist for the self-evaluation of a handicap [5-7, 12, 16, 17] .
This study was conducted to answer the following questions:
(1) Is there a correlation between voice quality as depicted by the Dysphonia Severity Index (DSI) and the selfperceived voice handicap measured by the Voice-Related Quality of Life (V-RQOL) Questionnaire? (2) Is there any influence of gender and aetiology on voice and handicap?
Patients and Methods
One hundred German-speaking patients consecutively presenting to the reporting department took part in this study after they had given their informed consent. Patients with malign diseases of any kind and localization were excluded from the study. In 14 patients, no pathological finding was obtained. Thus, at last the study group consisted of 86 patients, 51 women and 35 men aged between 16 and 79 years (mean: 47.5 8 16.2 years).
According to the recommendation by the ELS [9] , all patients underwent a structural assessment by an experienced phoniatrician. A functional voice disorder was diagnosed in 46 patients (with organic manifestation: n = 4; without organic manifestation: n = 42) and an organic voice disorder in 40 patients (paralysis: n = 17; benign neoplasia: n = 13; inflammations: n = 6; others: n = 4).
Without prior information about their individual diagnosis, all patients were asked to complete the German version of the V-RQOL Questionnaire as described by Schwanfelder et al. [6] . The DSI was calculated as described by Wuyts et al. [14] . Complete data sets were obtained from all test persons.
Microsoft Excel (version of 2003) was used to collect and document data, and SPSS-Software (version 16) was used for statistical analysis. The normal distribution of the V-RQOL and DSI scores was tested using the Kolmogorov-Smirnov method. The patients were clustered into 5 groups: all patients, men, women, functional and organic. Using the independent two-sample t test, statistical significance of differences in the mean values of the V-RQOL and the DSI was tested. The correlation between DSI and V-RQOL grade was analysed by Pearson's rank coefficient.
Results
In table 1 , the results of the V-RQOL Questionnaire and the DSI are presented.
On the V-RQOL Questionnaire, the women scored worse than the men, but not at a significant level (p 1 0.05). The patients with dysphonia of organic origin scored significantly worse than those with functional dysphonia (p = 0.026). On the DSI, the men's values were significantly lower than the women's (p = 0.001). Organic dysphonia caused significantly lower DSI values than functional dysphonia (p = 0.011).
In table 2 , the correlations (Pearson's r) between the V-RQOL and DSI values are presented with no significance found either in the whole group or in the subgroups.
Discussion
In recent years, subjective quality of life has gained an increasing importance in clinical practice. Following the recommendation by the ELS, it is routinely assessed in dysphonic patients [9] . Psychological consequences need to be evaluated by the patients themselves instead of judgement given by another person [18] . Up to now, there has been no internationally accepted 'final consent' on how to measure burden due to dysphonia. However, in most cases it is this burden which causes a patient to seek professional help.
For the measurement of subjective burden due to dysphonia, the Voice Handicap Index (VHI) [19] is regarded as the 'gold standard'. It reflects a patient's judgement about the impact of his voice disorder on daily life and can also be used as a tool for outcome measurement. However, the V-RQOL Questionnaire [15] correlates highly with the VHI both in the English [20] and the German version [21, 22] . Its major advantage compared to the VHI is that it consists of fewer questions (10 vs. 30) . This is more practicable regarding the restricted time in clinical practice. Visual analogue scales have been estimated as being too 'simple' because they cannot reflect the complexity of psychological consequences and therefore impede a more precise judgement of a handicap [17] . Thus, the V-RQOL Questionnaire was chosen for this study.
The DSI is a multiparametric method of acoustical voice assessment derived from a multivariate analysis of 387 subjects to describe perceived voice quality by objective measurements [14] . It is based on the weighted combination of important characterizing voice parameters: maximum phonation time, lowest intensity, highest frequency and jitter. The DSI is a valid instrument for distinguishing between pathological and non-pathological voices [14, 23] and proved to be appropriate for clinical purposes [11-13, 16, 17] . It is also more sensitive to minimal changes [14] than perceptual measurements such as the GRBAS (Grade, Roughness, Breathiness, Asthenia, Strain) scale, which was the basis for the DSI construction [14] .
As a possible alternative in German-speaking countries, the Göttingen Hoarseness Diagram (GHD) [24] has been widely used. This is a 'phonetogram' based on a computerized voice analysis. By recording the phonation of the vowels / /, /a/, /e/, /i/, /o/ and /u/ at comfortable, low and high pitches as well as / / while reading a text passage, 2 components are assessed: irregularity and noise. The vibrational irregularity of the voice-generating mechanism is calculated from jitter, shimmer and period correlation, and the degree of closure of the vibrating structures by the glottal-to-noise-excitation ratio. The x values of the phonetogram reflect the irregularity of voice and the y values the noise component. Ellipses are used for interpretation, with the centre representing mean values. Voice pathologies are mapped in specific regions of the GHD [25] . A review of the literature reveals no studies comparing the GHD and the DSI. However, by experience, the disadvantage of the GHD is its poor practicability as each phonetogram consists of 28 vowels being tested and phonated. Thus, the DSI is more appropriate for daily use and was therefore chosen for this study.
The participants of this survey match the characteristics (diagnosis, age and gender) of the long-term average of patients presenting to the reporting department. They are considered to be representative at least of similar highly specialized institutions.
The first aim of this study was to compare the results of the voice analysis and the patients' self-perception of their burden. No significant correlation between DSI and V-RQOL could be found. In the past, several studies on this topic have shown different results. One criterion for the high validity of the constructed DSI value was its highly significant correlation (r = -0.79; p ! 0.001) with the score of the VHI [14] . However, in comparable study groups, and using similar measures, only a weak or even no relation was found by Behrmann et al., Hsiung et al., Wheeler et al. and Woisard et al. [26] [27] [28] [29] . Although the study designs differ in detail, they reinforce the assumption of this study that voice dysbalance on the one hand and the patients' self-perception of their burden on the other hand are independent parameters with a tendency towards a more serious handicap in severe dysphonia. Thus, it may be concluded that objective voice quality cannot reflect the individual perception of burden due to dysphonia.
The second aim of this study was to examine the influence of gender and aetiology on both the V-RQOL Questionnaire and the DSI. Gender did not have a significant influence on the V-RQOL Questionnaire, which confirms the data in the literature [5, 6, 16, 30] . In contrast to other diseases [31, 32] , the subjective burden elicited by dysphonia is not perceived differently by women and men. This is important with regard to methodological aspects, as the V-RQOL Questionnaire [20] [21] [22] does not have to be evaluated in a gender-specific way [33] .
Surprisingly, in this study, the difference between the DSI values of women and men is statistically significant. The male patients scored worse than the female patients. In the literature, the DSI is regarded to be unisex because the gender-related parameters of highest frequency (higher in female voices) and maximum phonation time (longer in male voices) of pathological as well as of healthy voices appear to be compensated in the DSI formula [14, 30] . Thus, this former assumption may be wrong. Differences in the genders' objective voice quality cannot be explained. In this study, voices with functional dysphonia gained higher DSI values. However, functional dys-phonia is not overrepresented in the women group (women functional: n = 25; women organic: n = 26; men functional: n = 21; men organic: n = 14). Additional research is necessary.
In this study, the patients with dysphonia of organic origin scored significantly worse on the V-RQOL Questionnaire compared with the patients suffering from functional dysphonia. Glas et al. [34] examined whether or not the subjective burden of dysphonic patients is influenced by the fear of having laryngeal cancer. However, there was no significant difference in the scores of the VHI comparing carcinophobic with non-carcinophobic patients either for smokers and former smokers or for non-smokers. The determining factor of a patient's burden due to dysphonia is not cancerophobia but the handicap concerning the activities of daily life. Yet, in contrast to former studies, there is a difference in the self-perception of patients suffering from different types of voice disorders. Former opinion that functional dysphonia constitutes an overemphasis of psychological burden [35] in questionnaires is obsolete by now [5, 6, 16, 21, 26, 36, 37] . It is not justified to classify functional dysphonia as a somatoform disorder. However, the patients of the study may differ not only in their diagnoses, but also in their sociodemographic backgrounds, which may influence the self-perception of a handicap as well.
In this study, the objective voice quality in functional dysphonia measured by the DSI was significantly better than the quality of organic dysphonic voices. The DSI of patients suffering from functional dysphonia was in the range of normal voices. Similar results were found in the literature [11, 23] . In a group of 294 patients [23] , the median DSI values were statistically significant comparing voices with non-organic dysphonia (DSI = 2.0), vocal fold mass lesion (DSI = 1.2) and vocal fold paralysis (DSI = -0.7) with those of a control group (DSI = 4.2). The DSI value of non-organic dysphonia in the studies by Gonnermann and Nawka [11] and Hakkesteegt et al. [23] was higher than 1.6, which constitutes a normal voice quality [14] . As functional voice disorders may be due to wrong voice usage, problems arise especially after a longer speaking time [23] and, thus, the voice quality degrades after voice loading. Measuring the DSI instead can only reflect the voice quality at one specific moment. It cannot show the full scale of dysphonia if the voice has been properly used before. Additional research by using a voice loading test is necessary to proof if the DSI value of functional dysphonia degrades into a pathological range.
This study allows the following conclusion: voice rating by a phoniatrician and the individual perception of the patient are independent parameters, and both need to be assessed in clinical practice as recommended by the ELS [10] .
